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Activation o f the Contractile Mechanism in Mytilus Smooth Muscle
By Haruo SUGI*) and Toshio YAMAGUCHI* (Comm. by Shigeo OKINAKA, M. J. A., Jan. 12, 1971)
Although the mechanism of prolonged contraction (catch) in molluscan smooth muscles has been studied intensively for many years,4~ 7~ little information is at present available about the mode of activation of the contractile mechanism in these muscles by neural transmitter substance (probably acetylcholine) or by membrane depolarization.
In the present experiments, the anterior byssal retractor muscle (ABRM) of Mytilus edulis was stimulated by acetylcholine (Ach) or by high [K]0, and the factors affecting the resulting contractures were examined. The ABRM was carefully teased to obtain a bundle of fibres of about 1 mm diameter.
The fibre bundle was mounted horizontally in a glass trough filled with the experimental solution (natural or artificial sea water), and made to contract with supramaximal concentrations of Ach (103_10_2 M) or K ions (200 mM, substituted for Na).
The isometric contracture tension was recorded by a strain gauge on an ink writing oscillograph.
Prior to the application of contracture solutions, the preparation was normally kept for 5-15 min in solutions providing the same experimental conditions as those of contracture solutions. Contracted preparations were made to relax with 5-hydroxytryptamine (5HT, 10-6 M). The height of Ach-contracture tension remained unchanged with a reduction of [Ca] o from 20 to 0.6 mM (Fig. 1A, B) , while Kcontracture tension was found to be dependent on [Ca] o, decreasing by about 50% with a reduction of [Ca]0 from 20 to 1.2 mM (Fig. 1C,  D) . Both Ach-and K-contractures disappeared in a Ca-free medium within 15 min.&~ Mn ions, which inhibit Ca-spike in barnacle muscle fibres,l~ reduced the height of Ach-contractures only slightly ( Fig. 2A, B) , while the height of K-contractures decreased markedly (Fig. 2C, D) .
Ach-contractures were not influenced by changing pH from 4.5 to 10.4 ( Fig. 3A-C on going from pH 7 to 10.4 ( Fig. 3D-F) . In frog skeletal muscle, K-contracture tension is also reduced by low pH, but caffeine contracture tension is not affected by pH.3~ Caffeine (20 mM) could produce contracture tension in the ABRM,5~ but its magnitude was normally only a fraction of the maximum tension of Ach-or K-contractures.
Ach-contracture tension was observed to decrease considerably in the presence of choline (60-100mM, Fig. 4A, B) , while it had no effect on K-contractures (Fig. 4C, D) ; K-contractures could still be produced even when all Na ions were replaced by choline. The rate of action of choline was very rapid, indicating that it may act on the outer surface of the fibres. In the presence of 5HT (10-6 M), the rate of decay of Ach- (Fig, 5A, B) , while K-contractures remained unaffected (Fig. 5C, D) . With higher concentrations of 5HT (up to 2.5 x 10.5 M), the height of Ach-contractures was also reduced.
These results may be taken to indicate that, in the ABRM, K-contractures may be associated with the inward movement of extracellular Ca ions across the cell membrane, which is inhibited by choline might be due to the block of channels at the postsynaptic membrane through which Ach acts on the stored Ca. The ineffectiveness of 51-IT on K-contractures may be explained at least in part by the continuous inward movement of Ca which cancels the decrease of intracellular free Ca ions by 5HT.7>
Both Ach-and K-contracture tensions decreased gradually with time, though the rate of decrease was much slower in the former. If Ach was applied during the falling phase of K-contractures, little or no extra tension development could be seen (Fig. 6A) . Meanwhile, the application of high [K]0 during the falling phase of Ach-contractures produced tension which rose again to the maximum level (Fig. GB) . This can also be explained by assuming the continuous inward movement of Ca during membrane depolarization, which cancels the decrease of intracellular free Ca ions caused by the inactivation of the Ach-Ca release coupling.
Details of the present work will be published elsewhere with more experimental results.
